Purpose: To analyze the quantitative anatomy of C7 vertebra for insertion of lateral mass screws and pedicle screws in Southern Chinese patients. Overview of Literature: C7 lateral mass is smaller when compared to other subaxial cervical levels, which limits the length of lateral mass screws that can be used. Some studies have suggested pedicle screws for better fixation. But, this option is limited by the narrow pedicle width. Methods: We have obtained computed tomography (CT) cervical spine data in 0.625 mm slices from our radiology department. The patients were adults. CTs were from May to August, 2015. The lateral mass screw length was measured using Margerl's technique and pedicle width and pedicle screw trajectory were determined in three-dimensional reformated images. Results: CT scans of cervical spines of 94 patients were obtained and 188 lateral masses and pedicles of C7 vertebrae were measured. The mean lateral mass screw length was 13.2 mm (standard deviation [SD] 1.6 mm), mean outer pedicle width was 5.9 mm (SD 1.0 mm) and mean pedicle screw trajectory was 29.4 degrees (SD 3.6 degrees). Most (91.0%) of the pedicles had an outer diameter ≥4.5 mm.
Introduction
C7 lateral mass is smaller compared to other subaxial cervical levels, which limits the length of the lateral mass screws that can be used. A screw that is too long may injure nerve roots. A screw that is too short will reduce the pull-out strength. Pedicle screws provide better fixation as a longer screw length can be accommodated while they are limited by the narrow pedicle width in the cervical spine.
In this study we analyzed the quantitative anatomy of C7 vertebra for insertion of lateral mass screws and pedi-cle screws in Southern Chinese patients and compared the data to other similar studies.
Materials and Methods
Computed tomography (CT) scans of the neck that were done for any medical condition from May to August 2015 were obtained from our radiology department. We excluded patients who were not ethnic Chinese, those with a history of cervical spine fracture or malignancy or patients with an anatomical anomaly. CT scan data acquired in 0.625 mm slices from 94 adult patients were included. With the cooperation of radiologist colleagues, we measured the unicortical lateral mass screw lengths, pedicle widths and pedicle screw trajectories of both sides of each C7 vertebra under three-dimensional (3D) reformatted images using a general electric Healthcare Advantage Workstation for Diagnostic Imaging. Lateral mass screw measurements were done using Margerl's technique [1, 2] . The starting point was 1 mm medial and superior to the center of the posterior lateral mass in the 3D reconstructed image (Fig. 1A) . We then obtained a reformatted image superiorly elevated 45 degrees based on the start point, which was tilted 45 degrees with respect to the vertical plane along the posterior border of the C7 lateral mass (Fig. 1B ). The screw length was then measured at a trajectory of 25 degrees angulated laterally on the axial plane (Fig. 1C) . Pedicle width was measured on a reformatted image. The width was the outer cortical width of the isthmus that was parallel to the pedicle axis and at the mid-point of the pedicle height (Fig. 2) . Pedicle width was used instead of pedicle height as Karaikovic et al. [3] showed the cervical pedicle width was always smaller the pedicle height. Lastly, the pedicle trajectory was measured as the angle between the axis of the pedicle and the midline, which was defined as the perpendicular line to the A B posterior vertebral body (Fig. 2 ). Mean and standard deviation (SD) of lateral mass screw lengths, pedicle widths and pedicle trajectories were computed. Comparison of male to female patients used the independent sample t-test. The results were also compared with other studies using Welch's unpaired t-test. For inter-observer repeatability, a radiologist independently repeated the measurements for 10 of the patients and data were analyzed using the intraclass correlation coefficient.
Results
CT cervical spines of 94 patients (47 males, 47 females) with mean age 58.6 years (SD 17.9 years) were obtained and 188 lateral masses and pedicles of C7 vertebrae were measured. The mean lateral mass screw length for the patients was 13.2 mm (SD 1.6 mm) (Table 1) , with male patients having a significantly longer length than female patients (p<0.01). Comparison to other similar studies revealed that the mean lateral screw mass length was significantly longer than two studies on North American patients and one study on Korean patients ( Table 2 ). The lateral mass screw lengths were larger than 12 mm in 90.4% of male patients and 67.0% of the female patients. Lateral masses of all male patients and 95.7% of female patients had lengths longer than 10 mm.
Outer cortical widths were measured as the pedicle widths. The mean value for all patients was 5.9 mm (SD 1.0 mm) ( Table 1 ) with 91.0% of the pedicles larger or equal to 4.5 mm. Male patients also had a significantly larger mean pedicle width than female patients (p<0.01). In another study involving Korean patients, the reported mean outer cortical pedicle width was 6.8 mm (SD 1.2 mm) [5] , which was significantly larger than the present width (p<0.01).
The mean value of pedicle trajectories was 29.4 degrees (SD 3.6 degrees), with no significant difference between males and females (p=0.51).
For inter-observer repeatability, intraclass correlation coefficient for the 10 patients for whom measurements were repeated by an independent radiologist independently was 0.93 for lateral mass screw lengths and 0.82 for pedicle widths.
Discussion
C7 vertebra, being a transitional vertebra, is known for its thin lateral masses and the possible need to alter standard trajectories of lateral mass screw insertion in order to obtain adequate purchase and to avoid injuring its interior facet [6] . Presently, we focused on unicortical lateral mass screw instead of bicortical screw as the risk of injuring surrounding structures is lower. Although vertebral artery injury in C7 vertebra is low, as only 0.8% of individuals have their vertebral artery entering the C7 transverse foramen [7] , there is a risk of injuring the C8 nerve root Values are presented as mean±standard deviation. especially during bicortical screw insertion. In a prospective study on 21 patients with 164 lateral mass screws analyzed, there was a 1.8% risk per screw of radiculopathy with no vertebral artery or spinal cord injury noted [8] .
The authors also found that the radiculopathies were a direct result of bicortical screw purchase. In another study performed on 21 cadavers it was found that when bicortical screws were used, there was a 5.8% incidence of direct arterial injury and a 17.4% incidence of nerve root injury, with all injuries caused by resident surgeon and none were caused by more senior surgeons [9] . However, when unicortical screws were used, no injuries were noted. The latter study further examined the pull-out strength of the screws and found that there was no significant difference between unicortical screws (with effective length 11 mm) and bicortical screws. For the construct stiffness, longer unicortical screws were reportedly comparable to bicortical screws in lateral mass fixation through a biomechanical study on 11 human cadavers, with no significant difference in construct stiffness between longer unicortical screws and bicortical screws if patient had no laminectomy done [10] . Even in the presence of laminectomy, longer unicortical screws had no significant difference in flexion/extension and torsion, with only lateral bending stiffness having significant difference. Presently, the standard trajectory provided a reasonable unicortical screw length in C7 lateral mass for the Southern Chinese patients with a mean length of 13.2 mm, which was significantly longer than other similar studies [2, 4, 5] . When using 12 mm screws, unicortical screw insertion could be achieved in 90.4% of male lateral masses and 67.0% of female lateral masses. If 10 mm screws were used, all male lateral masses and 95.7% of the lateral masses were able to accommodate the screw. Subaxial cervical spine pedicle screw, first suggested by Abumi et al. [11] , provides an alternative fixation method for this region. It is thought to be able to provide better stability and strength in fixation, while it carries risks of severe injuries to the spinal cord or the vertebral artery. For incidence of injury, Abumi et al. [12] described the outcomes of 180 patients who received cervical pedicle screws fixation, and reported there was one episode of vertebral artery injury and two episodes of screws causing radiculopathy, with no incidence of spinal cord injuries noted. These summed up to a 1.7% risk of neurovascular complications per patient. Additionally, 6.7% of the screws breached the wall of the pedicles. In another study involving 144 patients, there were one case of penetrating injury to the vertebral artery and one patient with transient radiculopathy, with no spinal cord injuries reported. There was also a 13% incidence of breaching the pedicle wall. Although the risks of neurovascular complications were low, the authors in both studies stressed the importance of planning by preoperative imaging, intraoperative fluoroscopy and also strict technique for pedicle screw insertion in order to minimize the chance of causing severe complications.
When comparing the fixation strength between lateral mass screws and pedicle screws, two studies showed that cervical pedicle screws had significantly higher pullout strengths when compared to lateral mass screws [13, 14] . However, when we looked specifically at C7 vertebra and took the whole construct into account, the result was slightly different. A biomechanical study on 10 human cadavers that involved a comparison of five specimens of C4 to C6 lateral mass screws and C7 lateral mass screws with five specimens using C7 pedicle screws in the construct found no significant differences in flexion/extension and lateral bending stiffness between the two types of construct, both immediately after instrumentation and after cyclical loading simulating 6-week postoperative period [15] . Furthermore, as cervical pedicle screws carry a 6.7%-13% risk of breaching the pedicle wall [12, 16] , we must also consider the decrease in pull-out strength when the screw protrudes from the pedicle wall. A biomechanical study that examined the effect on pullout strength in thoracic pedicle screws when the pedicle wall was breached reported that when lateral pedicle wall was breached, there was a 21% reduction in mean pull-out strength [17] . When we applied the above information to our findings, we found that the pedicle width in our Southern Chinese population was significantly narrower with a mean outer cortical width of 6.1 mm. Assuming we were using a 3.5 mm pedicle screw, a minimum pedicle diameter of 4.5 mm was required in order to allow at least 0.5 mm bony wall both medially and laterally. In our study, 9.0% of the C7 pedicles had a cortical width less than 4.5 mm; these would have a markedly increased risk of breaching the pedicle wall, potentially causing injuries to nearby neurovascular structure and also reducing pullout strength. This was in contrast with the description that all C7 pedicles had a diameter larger than 4.5 mm and could be fixed by 3.5 mm pedicle screws [18] .
Conclusions
Using the standard trajectory on Southern Chinese patients, we were able to obtain a longer unicortical lateral mass screw length than previously expected. With our patients having narrower pedicles in which 9.0% of them were unable to accept 3.5 mm screws, in contrast to other studies where all C7 pedicles were wide enough for screws insertion, we prefer unicortical lateral mass screw insertion for Southern Chinese patients, as their lateral mass are more likely to be able to accommodate a longer screw for better purchase. Moreover, lateral mass screws provided an effective, safe and stable fixation over the C7 vertebra. Preoperative CT scan, however, is still the most important investigation to assess each patient's bony architecture before deciding on the final fixation method for the C7 vertebra.
